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aluminum particles, and preferably from 1 to 11 volume percent ceramic fillers, said article havino a 
dielectric constant of from 10 to 60. ^ 
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Background of the invention 

Field of the Invention 

The invention relates to heat-recoverable tubular members which are useful for controlling dielectric stress 
which occurs when the primary insulation of an electrical cable is cut back during electrical splice or termination 
operations. 

The dielectric stress-controlling tubular members comprise polyolef in polymers having dispersed therein 
components selected from particulate materials such as carbon black, ceramic powders and conductive par- 
tides. 

Background to the Invention 

It is necessary, during the installation and maintenance of high voltage electricity distributfon systems* to 
terminate or splice together the current carrying cables. In accomplishing a splice or termination, it is necessary 
to remove the several layers of protective materials surrounding the metal core or conductor. When a cable is 
terminated or two sections of cable are spliced together a section of the conductor is left fully exposed and 
unprotected- k^ectncal fields associated with cables carrying high voltage currents tend to concentrate around 
the exposed visuation dose to the cut back area. This concentratton of electrical field causes a hot spot which 
can lead to premature cable failure. The problem of field concentration, also known as dielectric stress, may 
be prevented by ptactng a layer of high permittivity material in direct contact with the insulation. A material pos- 
sessing high permitwity reduces the intensity of the electrical lines offeree which surround the splice or ter- 
mination. 

Compositions possessing high permittivity have been achieved using a variety of materials. Typically the 
materials are used in the form of powders or platelets distributed in a suitable insulating medium. A material 
firequenUy usfid wtien high permittivity is needed is carbon black. See, for example, U.S. Patent Nos. 3,258,522 
and 3.287.489 and British Patent 1,394,272. 

The use d ceramic or other high permittivity inorganic fillers to achieve useful stress control compositions 
is disclosed m U.S. Patent Nos. 3.585,274; 3,673.305; 3.816,639; 3.823.334; 3.828,115 and 4,053,702. 

It is possible to achieve further gains in electrical properties using a combination of different types of fillers. 
It is disclosed in U.S. Patent No. 3,349.164. that compositions containing combinations of carbon black and 
planarly onented conductive platelets in organic polymer bases, in the form of thin films, provkie high permit- 
tivity with high dielectric strength. 

U.S. Patent No. 4.363,842 discloses the combination of ceramic or high permittivity inorganic fillers with 
carbon Wack and conductive platelets. This combination is disclosed to provide improved Impulse strength as 
well control of dielectric stress of high voltage cable terminations or splices. 

The stress control compositions are typically formed into tubular components and may be described as 
stress control tubes or sleeves. A variety of physical properties can be Imparted to these tubular components 
by careful selection of the types of base polymer In which the fillers are dispersed. For Instance, highly flexible 
components are obtained using elastomers including Fluorel™ brand elastomers, silicone, EPDM and EPM 
elastomers. These flexible components are supplied to enable the tube to slip over a splice or termination when 
sufficient force is applied. In another embodiment a flexible stress control sleeve is maintained in a stretched 
condition as a pre- stretched tube (PST). Acore, which will collapse when required, holds the PST in its stretched 
condition t>efore application. 

U.S. Patent No. 4,383.131 discloses multilayer expanded tubes using a heat-shrink base polymer. After 
positioning over the splice or termination, they may be permanently applied using a suitable heat source. When 
heated, these tubes will soften and shrink to enclose the exposed electrical conductor. However, it is disclosed 
that, in order to eltfninate the possibility of undesirable voids between the sleeve and the surface of the ter- 
mination or joint, the inner layer of the tube may be coated with an appropriate void filler such as grease, mastic 
and the like. 

U.S. Patent No. 4,431.861 discloses polymeric heat-shrinkable hollow articles which comprise a heat- 
shrinkable outer sleeve whose surface is anti-tracking at voltages of 2.5 kV. and at least part of whose inner 
surface has an electrical stress-grading composition coated thereon which is solid at room temperature. The 
use of mastics or other sealers between the splice and the sleeve is preferred. 

The use of conventional heat-shrink stress control sleeves has some drawbacks. Conventional heat-shrink 
stress control sleeves require the application of multiple layers for effective protection, which raises the cost 
of the sleeve. Further, heat-shrink stress control tubes of the prior art do not always conform well to the contours 
of the splice or termination, and require coating the splice or termination with a conductive, stress-controlling 
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viscous medium or grease before applying the heat-shrink stress control sleeve. Finally, prior art systems have 
required relatively lengthy sections of tube to effect stress control which is both costly and wasteful. 

For heat-shrink components to be effective in dielectric stress control it is necessary to simplify the method 
of application, avoid the use of messy fluid components and reduce the number of layers, and length of tubing 
required. 

Accordingly, the stress control sleeves of this invention afford easy application of a single, effective heat- 
shrinkable tube which, under the influence of sufficient heat, conforms well to the contours of the splice or ter- 
mination. The use of high permittivity, high impulse strength components provides a device so effective in stress 
control that relatively short sections of tube provide the desired dampening of the electrical stresses (forces) 
around the splice. 

Thus, via the present invention, it is possible to reduce the complexity and number of components needed 
where heat-shrtnk products are employed to effectively control dielectric stress which develops around an elec- 
trical splice or termination. 

Summary of the Invention 

The present invention provides a single heat-shrinkable , smooth walled, tubular member of uniform wall 
thickness for controlling electrical stress occurring in electrical splices or terminations. 

Heat-shrink tubes of this invention comprise a base polymer having dispersed therein a multiplicity of par- 
ticulate components which either impart conductivity or high permittivity to the structure. The addition of con- 
ductive materials, i.e.. powdered carbon black and metal particles, represented by aluminum flake, are used 
to achieve the desired volume resistivity of from 1 0^® to 1 0^^ ohm-cm. In controlling this, it is necessary to avoid 
adding excessive amounts of conductive materials as these may unfavorably affect the dielectric strength of 
the stress control compositions. The permittivity of the construction may be suitably Increased or stabilized by 
the addition of materials of high dielectric constant such as alkaline earth metal titanates and/or titanium dioxide. 

Specif k^ally. preferred heat-recoverable articles of the invention comprise a single heat-shrinkable, smooth 
walled, tubular member having uniform wall thickness, and containing from 35 to 65 volume percent heat- 
shrinkable polyolef in-containing base polymer having dispersed therein a multiplicity of particulate components 
which either impart conductivity or high permittivity to the structure, including from 10 to 25 volume percent of 
carbon black, and from 1 to 4 volume percent of aluminum flake, based on total composition volume, said article 
having a dielectric constant of from 10 to 60. 

The presence of conductive and high permittivity components results in most effective dielectric stress con- 
trol and high impulse withstand for the tubular components of this invention. These benefits are achieved using 
a single heat-shrink structure without the need to iaugment the effective splice or termination protection using 
additional agents such as the stress confrol grease discussed in U.S. Patent No. 4,383.131. Furthermore, ef- 
fective stress control by the present invention is accomplished using shorter lengths of protective stress control 
tubing than prevk)usly possible. 

Detailed Description of the Invention 

Materials suitable for stress control generally comprise a continuous phase of insulating polymeric com- 
pound in which a variety of fillers may be dispersed. These fillers Increase the dielectric constant of the com- 
position so that it exhibits high permittivity. 

The positioning of these high permittivity compositions in contact with exposed conductors of high voltage 
cables may be accomplished using filled polymers of tubular configuration. Frequently the resulting stress con- 
trol tubes have been flexible enough to be pushed into place around the exposed conductor. Alternatively the 
flexible tubes are provided In a pre-stretched condition wherein they are held in an expanded condition by use 
of a removable plastic holdout member or core. Further it is possible to provide a stress control tube in an ex- 
panded condition normally associated with heat-shrink components. In this case, the polymer composition pos- 
sesses a more rigid structure typical of the base polymers which are used. The relative rigidity of heat-shrink 
polymers allows tubular sections to exist in an exF>anded condition prior to their application. 

The use of heat-shrink tubes for controlling dielectric stress has been unsatisfactory because of complex- 
ities In the methods used to protect cables which have been subjected to splicing or terminating operations. 
Problems associated with earlier heat-shrink components have been overcome by the present invention. In 
this case, the stress control composition comprises filled polymers such as polyolef Ins, e.g., chlorinated poly- 
ethylene (CPE), polyethylene and polypropylene. A blend of polyolef ins with other polymers such as copoly- 
mers of polyethylene with, e.g., polyvinyl acetate may also be used. 

The fillers to be dispersed in these polymer blends include materials which increase the dielectric constant 
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of the composition, I.e., carbon black and ceramic powders. Additionally planar conductive particles In the form 
of aluminum flake are added in carefully controlled concentrations to provide Increased resistance to high vol- 
tage surges. Surges or Impulses in high voltage cables are the result, for Instance, of lightning strikes or un- 
expected voltage anomalies which adversely affect the electricity distributing system. 

Thus the stress control tubes of this invention are effective in reducing intensity of the electric field asso- 
ciated with a bare splice or termination and also providing additional protection from high voltage surges. This 
functionality is translated into characteristics of high permittivity and high impulse withstand possessed by tub- 
ular components based on compositions of this invention. These compositions comprise from 35 to 65 percent 
by volume of base polymer. The base polymer comprises blends of polyolef in with copolymers of polyethylene 
and polyvinyl acetate. 

The electrical properties of the base polymer are modified by the addition of carbon black. The carbon black 
is necessary to increase the dielectric constant of the base polymer. A higher dielectric constant helps relieve 
the electrical stress of the cutback point. The compositions of the invention contain from 10 to 25 volume percent 
of carbon black, preferably firom 15 to 22 volume percent 

Ceramic powder fillers are also required In the present Invention. The use of such materials provides su- 
perior permittivity and stability over a range of electrical stresses and assists in the generation of a lower elec- 
trical loss for a given permittivity level. In heat-shrinkable polymers, the ceramic fillers do not increase dielectric 
constant as effectively as cartDon black, however, their inclusion results In a lower dissipation factor at a given 
dielectric constant. Also, the ceramic powders stabilize the dielectric constant over a wide range of electrical 
stress. This leads to an improvement in the AC breakdown strength. Useful fillers include Ticon^, avaflable 
from Tarn Ceramics, Inc. 

Ceramic fillers are present in total amounts of from 1 to 11 volume percent of ceramic powders. In a pre- 
ferred embodiment, combinations of barium titanate and titanium dioxide are used. Such compositions prefer- 
ably contain from 1 .5 to 7.0 volume percent barium titanate and from 1.0 to 3.5 volume percent titanium dioxide. 

Aluminum particles are critical to the high impulse strength of the compositions of the invention. The ad- 
dition of aluminum flake also accommodates unexpected high voltage surges which may occur In electrical 
cables. The effectiveness of aluminum particles on the high impulse strength of the elastomeric composition 
occurs only when specific amounts are used. Most importantly, the loading must exceed a threshold value In 
order for the final composition to exhibit significant improvement in the high impulse strength. An effective con- 
centration of aluminum requires addition of the flake material in excess of 1.0 volume percent, and may vary 
somewhat with the polymeric system. Usually one volume percent of aluminum flake of the total composition 
is the minimum amount to provide Maximum Impulse Withstand values of 110 KV (positive and negative) for 
15 KC rated class 3 terminations. Therefore, the preferred concentration of aluminum flake is that which just 
exceeds the threshold amount required to produce a noticeable sharp increase in Basic Impulse Insulation Lev- 
el (BIL). 

Additional amounts of aluminum do not improve the impulse strength significantly. Further, use of surplus 
aluminum causes the polymer to become conductive, whereupon it has lower dielectric strength and decreasing 
AC Step strength. Excessive aluminum also impairs the physical strength of the polymer and mars the surface 
aesthetics. 

For desirable values of Impulse withstand (IEEE Standard 48-1 990) In the preferred embodiment compris- 
ing a polymeric blend of chlorinated polyethylene and polyvinyl acetate, at least 1 .0 volume percent of aluminum 
is required, and not more than 4 volume percent, preferably from 1.0 to 2.5 volume percent. 

Preferably, the heat-shrinkable articles of the present Invention are crosslinked. A variety of conventional 
crossllnking methods are useful, including but not limited to electron beam irradiation, and chemical crosslink- 
ing agents such as multiacrylates. and peroxides, e.g.. Vulcup™ 40KE and Dicup™ 40KE. both available from 
Hercules Corp. When used, peroxides are effective In amounts of from 0.5 to 3.0 volume percent 

Preferred heat-shrinkable articles of the invention have an original inner diameter of 1.9 centimeters and 
a wall thickness of from 25 to 30 millimeters. The tubing is extruded and crosslinked in a continuous process. 

Further details of the stress controlling, high Impulse strength, heat-shrink tubes is given In the following 
non-limiting examples. 

In view of the foregoing description, it will be apparent that the invention is not limited to the specific details 
set forth herein and various other nnodlfications are equivalent for the stated and fliustrated functrans without 
departing from the spirit of the invention and the scope thereof as defined in the appended dalms. 
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Test Methods 
Sample Preparation 

The electrical test results for the following examples were obtained using a 15 KV tubular heat-shrinkable 
termination design with 9-inch semiconductor cutback, i.e.. the distance from the exposed conductor to the 
cable shield or ground potential. The stress control tubing which was 7.5 inches long, was shrunk over the con- 
ductor without the need for high permittivity sealants. A layer of adhesive was then applied to both ends of the 
cable cutback after which a section of anti-tracking tube was shrunk in place so as to enclose the entire cutback 
area. The AC Step Test was performed starting from 40 KV and increased by 5 KV per 5 minutes for each step. 
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CHEMICAT. 



Tyrin™ CPE 566 
(available from 
Dow Cheinical) 

Elvax 470™ 
(available from 
DuPont) 

Zinc Stearate 

"SR-3 50" 
(available from 
Sartomer Co.) 

Flectol It™ 
(available from 
Harwick) 

Dythal~ 

(available from 
Synthetic Products) 

Ticon"* p 
(available from 
Tdn Ceramic Co.) 

Vulcan'* XC«72 
(available from 
Cabot Co.) 



Examples 

Compara tive Evamp lo i 

PARTS BY 
^E-^GHT REMARKS 



100.0 

32.5 

3.0 
1.5 

2.0 

7.5 

75.0 

18.0 



Chlorinated Polyethylene 



Ethylene Vinyl Acetate 
Copolymer 



Trimethylol Propane 
Tr ime th aery late 



Polymerized 1,2-dihydro- 
2 , 2 / 4-trimethylquinolinG 



Lead Stabilizer 



Barium Titanate 



Carbon Black 



Carbon Black 
Barium Titanate 



% bv Weiqhi- 



7.5 
31.32 



% bv Volume 



6.26 
8. 10 



Electri cal Properties: 

K § 23 C 160 Volt 
tan D e 23 C 160 V 
Volume Resistivity^ Ohm-cm 
Dielectric Strength, V/mil 



23.7 
0. 047 

5.36 X 10" 
313 



High V oltage Performance 

Maximum Impulse Withstand 
AC Breakdown Strength 



Pos. 



Neg. 



+105 KV (fail) -137 KV (fail) 

55 KV 



The above composition, although containing carbon black and barium titanate and having a dielectric con- 
stant of 23.7. does not exhibit either adequate impulse performance or adequate AC breakdown strength. It 
shows that a compound with a high dielectric constant Is not necessarOy satisfactory for stress control. 



•J 
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Comparative Example 2 



CHEMICAL 



PARTS BY 
WEIGHT 



10 



15 



20 



30 



REMARKS 



Tyrin™ CPE 566 

Elvax"^ 2 60 
(available from 
DuPont) 

Zinc Stearate 

"SR-350" 



Agerite MA™ 
(available from 
R.T. Vanderbilt) 

Dythal™ 

Ticon™ P 



25 Titanium Dioxide 

Furnex™ N754" 
(available from 
Columbian Chemical) 



Chlorowax*^ 
Total 



80 
20 

2.5 
2.5 



6 
25 
10 
48 



Chlorinated Polyethylene 

Ethylene Vinyl Acetate 
Copolymer 



Trimethylol Propane 
Trimetha cry late 

Polymerized 1 , 2-dihydro- 
2,2, 4-tr imethylolquinoline 



Lead Stabilizer 
Barium Titanate 

Carbon Black 

Chlorinated Paraffin 



204 



35 



40 



Carbon Black 
Barium Titanate 
Titanium Dioxide 



% bv Weight 



23.53 
12.25 
4.90 



Electrical Pro perties: 

K @ 23 C 160 Volt 

tan D @ 23 C 160 V 

Volume Resistivity, Ohm-cm 

Dielectric Strength, V/mil 



% bv Volume 



18.33 
2.96 
1.70 



17.9 
0.056 

2.34 X 10" 
199 



45 



50 



High Voltage Pi^^ rf ormanni=. 

Maximum Impulse Withstand 
AC Breakdown Strength 



Neg. 



+100 KV (fail) -110 Kv"(fail) 

100 KV 



55 



The above composition uses a combination of barium titanate and titanium dioxide and shows improved 
AC breakdown strength, but still fails to meet the impulse requirement 
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10 



15 



20 



25 



30 



35 



CHEMICAT. 



Tyrin™ CPE 566 

Elvax™ 470 

Calcium Stearate 

Drimix^ SR-350-75E 
(available from 
Kenrich) 

Agerite ma^ 

Dythal^ 
Ticon™ p 

Titanium Dioxide 

Furnex™ N754 

Chlorowax™ 70 
(available from 
Oxychem) 

Alcoa™ 1651 
(available from 
Alcoa) 

Vulcup™ 4 0 KE 
(available from 
Hercules) 



Comparative RvaTnplo 7 

PARTS BY 
WEIGHT 



70 
30 
2.5 
2.5 



6 
45 
15 
55 

8 



REMARKS 



Chlorinated Polyethylene 

Ethylene Vinyl Acetate 
Copolymer 



Dispersion of "SR-350" 



Polymerized 1,2-dihydro- 
2,2, 4-trimethyl61quinoline 

Lead Stabilizer 

Barium Titanate 



Carbon Black 
Chlorinated Paraffin 

Aluminum Flakes 



a , a' bis ( t-butylperoxy) 
diisopropyl benzene on 60% 
Burgess KE 



40 



Carbon Black 
Barium Titanate 
Titanium Dioxide 
Aluminum Flakes 



% bv Weig ht 



22.54 
18.44 
6.15 
1.64 



% bv Volurnf> 



19. 07 
4.84 
2.32 
0.99 



45 



SO 



55 



Electrical Prope trties: 

K e 23 C 160 Volt 

tan D @ 23 C 160 V 

Volume Resistivity, Ohm-cm 

Dielectric Strength, V/mil 

High Voltage P erformance 

Maximum Impulse Withstand 
AC Breakdown Strength 



Pos. 



23.0 
0. 060 

3.47 X 10" 
214 



Neg. 



+105 KV (fail) -154 KV (fail) 

70 KV 



The above composition contains all three key ingredients required for stress control performance: carbon 
black, barium titanate and aluminum flakes. However, the composition does not exhibit adequate High Impulse 
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strength to meet the requirements because an insufficient amount of aluminum flakes, (less than 1.0 volume 
percent) is present 



Example 4 



10 



CHEMICAL 



PARTS BY 
WEIGHT 



REMARKS 



15 



20 



25 



30 



Tyrin™ CPE 566 
Elvax™ 4 70 

Calcium S-tearate 
Drimix™ SR-350-75E 
Agerite MA™ 

Dythal™ 
Furnex™ N754 
Chlorowax™ 70 
Alcoa™ 1651 
Vulcup™ 4 0 KE 



70 
30 



2.5 
2.5 
2 



6 
50 
8 
4 
4 



Chlorinated Polyethylene 

Ethylene Vinyl Acetate 
Copolymer 



Dispersion of "SR-3 50" 

Polymerized 1,2-dihydro- 
2,2, 4-trimethylolquinoline 

Lead Stabilizer 

Carbon Black 

Chlorinated Paraffin 

Aluminum Flakes 

a, a' bis (t-butylperoxy ) 
diisopropyl benzene on 60% 
Barges s KE 



35 

% bv Weight % bv Volume 

Carbon Black 27.93 19.03 

Barium Titanate 0 0 

Titanium Dioxide 0 O 

40 Aluminum Flakes 2.23 1.08 

Electrical Properties; 

K @ 23 C 160 Volt 21.1 

tan D @ 23 C 160 V 0.068 

^ Volume Resistivity, Ohm-cm 6.30 x 10*^ 

Dielectric Strength, V/mil 164 



High Voltage Performance; 

Pos. Nea. 
Maximxm Impulse Withstand +185 KV (pass) -182 KV (pass) 

AC Breakdown Strength 60 KV 



The above composition contains carbon black and aluminum flakes but not barium titanate or titanium ox- 
ide. It exhibits very strong impulse performance but the AC strength is lower. 
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Example 5 



CHEMICAL 



PARTS BY 
WEIGHT 



REMARKS 



10 



15 



20 



25 



30 



Tyrin™ CPE 566 
Elvax'* 47 0 

Calciiim S-tearate 
Drimix™ SR-350-75E 
Agerit:e MA™ 

Dythal™ 
Ticon™ P 
Titanium Dioxide 
Furnex~ N754 
Chlorowax™ 70 
Alcoa™ 1651 
Vulcup™ 40 KB 



70 
30 

2.5 
2.5 
2 

6 
20 
10 
50 

8 

4 

4 



Chlorinated Polyethylene 

Ethylene Vinyl Acetate 
Copolymer 



Dispersion of "SR-350" 

Polymerized 1, 2-dihydro- 
2,2, 4-triinethylolquinoline 

Lead Stabilizer 

Barium Titanate 



Carbon Black 

Chlorinated Paraffin 

Aluminum Flakes 

a, a'bis (t-butylperoxy) 
diisopropyl benzene on 60% 
Burgess KE 



35 



40 



45 



Carbon Black 
Barium Titanate 
Titani\am Dioxide 
Aluminum Flakes 



% bv Weight 



23.92 
9.57 
4.78 
1.91 



Electrical Properties: 

K @ 23 C 160 Volt 

tan D § 23 C 160 V 

Volume Resistivity, Ohm-cm 

Dielectric Strength, V/mil 

High Voltage P erformance 

Maximum Impulse Withstand 
AC Breakdown Strength 



Pos... 



% bv Volume 



18.29 
2.27 
1. 63 
1.04 



22 .2 
0.054 
2.77 X 10 
186 



13 



+177 KV (pass) 



Neg. 
-173 KV (pass) 
70 KV 



The above composition is identical to that of Example 4 except for the addition of barium titanate and tita- 
nium dioxide. The AC breakdown strength is improved. This formulation meets the requirements of the maxl- 
55 mum withstand and AC Step tests. 
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Example 6 



CHEMICAL 



PARTS BY 
V?EIGHT 



REMARKS 



10 



15 



20 



25 



30 



Tyrin™ CPE 566 
Elvax 470™ 

Calcium St:earate 
Drimix™ SR-350-75E 
Agerite MA"™ 

Dythal™ 
Ticon™ P 

Titianium Dioxide 
Furnex™ N754 
Chlorowax™ 70 
Alcoa™ 1651 
Vulcup™ 40 KE 

Total 



70 
30 

2.5 
2.5 
2 

6 
45 
15 
55 

8 

5 

4 



245 



Chlorinated Polyethylene 

Ethylene Vinyl Acetate 
Copolymer 



Dispersion of "SR-350" 

Polymerized 1 , 2-dihydro 
2,2, 4-trimethylolquinoline 

Lead Stabilizer 

Barium Titanate 



Carbon Black 

Chlorinated Paraffin 

Aluminum Flakes 

a, a' bis ( t-buty Iper oxy ) 
diisopropyl benzene on 60% 
Burgess KE 



35 



40 



45 



Carbon Black 
Barium Titanate 
Titanium Dioxide 
Aluminum Flakes 



% bv Weight 



22.45 
18.37 
6.12 
2.04 



Electrical Properties: 

K @ 23 C 160 Volt 

tan D @ 23 C 160 V 

Volume Resistivity, Ohm-cm 

Dielectric Strength, v/mil 



% bv Volume 



19.03 
4.83 
2 .31 
1.23 



32.9 
0. 121 
2.80 X 10 
159 



13 



Pos> . Nea. 

+171 KV (pass) -168 KV (pass) 

85 KV 

The above composition exhibits excellent AC step and impulse strength properties. It should be noted that 
It contains more than the critical amount of the flaked aluminum, e.g.. more than 1 .0 volume percent as opposed 
to Example 3, which contains slightly less than the critical amount, and does not meet the requirement There- 
fore, it is clear that with balancing the three key ingredients, a compound can be formulated to meet the re- 
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quirements of high voltage performance. 



Claims 

5 

1. A heat-recoverable article for controlling electrical stress occurring in electrical splices or terminations 
comprising a singte heat-shrinkable, smooth walled, tubular member having uniform wall thickness; said 
member comprising from 35 to 65 volume percent heat-shrinkable polyolefin-containing base polymer 
having dispersed therein a multiplicity of particulate components which either Impart conductivity or high 
permittivity to the structure, said particulate components including from 1 0 to 25 volume percent of carbon 
black, and from 1 to 4 volume percent of aluminum flake, based on total composition volume, said article 
having a dielectric constant of from 10 to 60. 

A heat-recoverable article according to claim 1 containing from 1 to 2.5 volume percent aluminum flake. 

A heat-recoverable article according to claim 1 further comprising from to 1 to 11 volume percent of cer- 
amic filler. 

A heat-recoverable article according to claim 3 wherein said ceramic fillers are selected from the group 
consisting of titanium dioxide, barium titanate and mixtures thereof. 

A heat-recoverable article according to claim 4 comprising from 1 to 3.5 volume percent titanium dioxide, 
and from 1.5 to 7 volume percent barium titanate. 

A heat-recoverable article according to claim 1 wherein the base polymer comprises a polyolef in selected 
from the group consisting of chlorinated polyethylene (CPE), polyethylene and polypropylene. 

A heat-recoverable article according to claim 6 further comprising a vinyl acetate based polymer, and from 
10 to 25% by volume aluminum. 

A heat-recoverable article according to claim 1 said base polymer having been crossllnked by a means 
selected from addition of a chemical crosslinking agent and irradiation by electron beam. 
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